One of the main objectives in waste management is the recycling of waste and thereby making use of resources contained in waste to save primary resources and reduce the environmental impact of all activities involved in making primary resources available for the production of goods. Enabling recycling starts with (1) design of products for recyclability, (2) collecting the end-of use material (often called waste), (3) processing the waste in order to get intermediate secondary materials that can substitute primary materials, and finally (4) the actual utilisation of these secondary resources to produce new products. Depending on the material to be recycled and type of waste looked at as well as the prevailing structures of waste management in different parts of the world, the processes involved and opportunities at hand differ very much and need a comprehensive understanding of the situation to enable optimisation of a system that answers the question posed in this article's title. This special issue of Waste Management & Research focuses on plastic waste and this is one waste stream that warrants further study.
It is paramount that all feasible measures need to be taken in order to avoid plastic waste entering the environment and end up as marine litter (Velis, 2014) and cause all the unwanted detrimental effects to the ecosystems without using the resource potential. As pointed out in Rujnić-Sokele and Pilipović (2017) bio-based plastics might improve the situation, but could also even worsen it as 'bio-based' does not necessarily mean 'biodegradable'. So getting hold of the plastic waste once it is generated needs to be the first focus. Furthermore, resources should be recovered to the highest possible extent.
Plastic is a material with a very wide range of applications in short-lived as well as long-lived products. Furthermore, besides raw oil being the major constituent, many additives and fillers, and for example reinforcing fibres, are used to optimise the material properties of plastic products. These substances may allow minimising production costs and optimising plastic properties for the use-phase, but also pose challenges for the end-of-life phase, especially when it comes to recycling. Most of the time recyclability is not yet a major driver for product design and this results in technical constraints regarding the recycling either owing to the practical feasibility of processing the plastic waste in such a way that marketable recyclables can be produced, or owing to the costs involved in the processing. However, what is the right level of recycling of plastic waste and when should energy rather than material recovery be the desired option? Answering this question does not only include a technical dimension, but also economic, ecological, organisational, and social considerations.
Looking at the technical dimension it becomes clear that the technical viability not only depends on the technical feasibility as a matter of the product design and the state-of-the-art of processing technology. It also very much depends on financial issues determining the processing equipment that can be applied. Technical viability therefore, is very closely linked to financial boundary conditions that are addressed below. Although technical solutions are often the core of recycling systems, it must be kept in mind that any technical process involves losses, i.e. the quantity of usable output is typically reduced for the sake of minimising impurities and improving the quality of the resulting product, as discussed by Feil et al. (2017) . Higher quality output streams allow for higher valued use of the recyclates and, therefore, oftentimes also go along with higher prices for these output products. The additional financial effort in processing must be offset by higher revenues at the end in order to make sense from an economic point of view. There are also other limitations to technology. For example, lead, cadmium, and other additives used as stabilisers for polyvinyl chloride (PVC) cannot be removed from this type of plastic. In order to avoid negative health effects associated with these types of contaminants one needs to (1) eliminate the use of deleterious additives to plastics as a means to improve the quality of subsequent plastic wastes, (2) design the waste collection schemes accordingly in order to exclude problematic wastes from the recycling stream to improve the quality of current plastic waste, (3) optimise technical processes for recycling to remove contaminants at least indirectly, for example by removing the polymer PVC potentially containing lead and cadmium as contaminants (see Pieber et al., 2012) , and (4) match the type of recycled plastics to specific uses (and reuses) that can tolerate feedstocks with known chemical constituents. High-valued applications for recyclables, such as for packaging in the food and beverage sector, demand a much higher quality secondary plastic than, for example, the use of polymers in bulk applications; e.g. pallets and crates. Even when considering only technical aspects of plastic recycling, we see that recycling quotas cannot be discussed independently from the quality of recyclables. On the one hand there is a point when recycling quotas can only be increased to the detriment of the quality of the recyclates produced; on the other hand, if we are able to produce recyclate of the different qualities demanded by specific applications of recycled plastics, and if we successfully direct the various recyclate qualities to the appropriate applications, we might be able to maximise overall recycling rates. Furthermore, there must be a common understanding of what is to be considered recycled in that context. From the natural science point of view, recycling involves the actual substitution of primary resources by recirculation of secondary resources gained from waste. For plastic waste this most often needs several processes, such as the (separate) collection, processing of plastic waste to get pre-concentrates of certain polymers, washing, and extrusion in order to get recycled plastic that may finally substitute virgin plastic in the production of goods. There is a big confusion in the waste industry and the practical communication as to when waste is considered to be recycled (when it has been collected via a separate collection system, … , when it has actually substituted virgin plastic during the production of goods).
All these issues discussed above -when waste counts as recycled, quality versus quantity of recylates, as well as substance bans for virgin plastic and maximum allowable concentrations in recyclates -must be part of the discussion when appropriate recycling quotas are discussed and defined. European Union (EU) politicians need to consider all these aspects in their discussions regarding the Circular Economy legislative initiative of the EU (European Commission, 2016).
Coming to the economical dimension we see that there are financial implications to plastic recycling on the input side (i.e. post-consumer plastic waste), the recycling process itself, as well as on the output side (i.e. plastic recyclates). On the input side, plastic waste revenues and potentially also government recycling subsidies are determinants for the financial viability of recycling operations. The specific costs of the recycling process itself are strongly dependent on the quantity of plastic wastes available for recycling; furthermore, applying economies of scale, it is also likely that the unit costs for processing systems will decrease when the overall quantities of plastic waste processed increase in a given community. On the output side, the quantity and marketability, and the resulting achievable prices of recyclats, have a major influence on the overall economic performance of a plastic recycling operation. So, considering both the technical and the economical dimensions of plastic recycling, it becomes clear that from an economic point of view one must not only look at the quality of the recyclates produced, but also on the quantity. Improving the quality of recyclates will reduce their quantity and could therefore impact the overall economic performance whenever the higher achievable prices for better quality recyclates (including a potential recycling premium paid by the public) would not make up for the lower quantity of recyclates and the additional processing costs. Based on this scenario, we see once again that in addition to market-based criteria given for recycled plastic, the authorities must set quality standards for recyclates by defining maximum allowable concentrations of contaminants in the final products based on the final destination of the recyclates. This will also prevent increasing contaminant concentration as a matter of multiple recycling loops.
The third consideration is the environmental impact of plastic waste recycling. In order to assess the environmental benefits of recycling activities we must evaluate the overall environmental performance of providing a certain quantity of recyclate via the recycling route versus providing the same quantity of a primary product including an environmentally sound management of the plastic waste. Here we must be aware that the environmental performance of recycling decreases when the technical effort during processing increases and the quantity of recyclates decreases owing to losses along the recycling chain (Feil et al., 2017) . So even from the environmental point of view, the optimum in plastics recycling is not only defined as maximising plastic waste recycling, but it is likely that there is an optimum recycling quota and when exceeding this environmental burden of collection and processing of plastic waste in order to produce recyclables, exceeds the environmental benefit.
The organisational structures in the waste management sector as such, and the interrelationships between the waste management and the production sectors, also affects the level of plastic recycling achieved. If we look at the waste management sector itself, we see that in Middle Europe effective extended producer responsibility (EPR) schemes have been established for packaging waste (Kranzinger et al., 2017; Snell et al., 2017) . In recent years, discussions about expanding these systems to include non-packaging waste have gained momentum. From a technical point of view, this would be a very reasonable and desirable development as it would make life much easier for the consumer and would also allow for tapping more of the plastic waste resource potential in the residual waste (Kranzinger et al., 2017) . Barriers for finding solutions here are mainly owing to established structures in financing (licensing of packaging waste (EPR) versus waste fees for citizens for residual waste) and existing infrastructures that should optimally be used at capacity. Establishing these financing and organisational structures and building up the infrastructure was a significant achievement and enabled a big step forward in waste management 20 years ago, but now we should not accept that these structures hinder a further development of sound waste management owing to individual stakeholder`s interests impeding a development towards an optimum from a society's perspective. Financial compensation measures must be discussed and defined for the sake of achieving effective waste management across institutional barriers. If we look at the cooperation of the waste management sector with the producing sector, there is a lot of room for improvement. Plastic production and even more than that, plastics recycling, needs a lot of chemistry expertise regarding the various applications of plastics and their specific product specifications. Building up this expertise in the waste management sector seems questionable compared with joining forces of the waste management sector with the plastic producers where much useful technical knowledge resides. This type of cooperation would facilitate the development of feedback loops between the end-of-life phase of products and the product design phase, thereby encouraging primary product manufacturers to design for recyclability. Also, the connection between suppliers and users of recycled plastics would be strengthened, thereby expanding access to markets for the recyclate. First examples of this type of cooperation can already be seen in Europe and it is assumed that this will accelerate the development of plastic recycling very much (Borealis, 2016) .
The social dimension involves issues such as making effective use of resources available to a confederation of nations, which is especially true for example for the EU. As the EU is dependent on the imports of raw oil for the production of fuel and plastics alike, it is paramount for the EU to consider the resource potential of plastic waste and to effectively make use of the (secondary) resources at hand as opposed to spending money for importing primary resources that can be substituted. Another social issue in plastic recycling is the question of how collection and recycling is actually implemented. There are big differences in waste management systems throughout the world, so recycling measures likely will be different depending on location. In the end, waste managers should develop collection and recycling operations that minimise the health and safety hazards to workers who handle the waste and recyclables, for example in developing countries upgrading the informal sector's involvement in a community's waste management programme, and ultimately integrating the scavengers into the area's formal waste management system as a matter of social security.
In order to optimise the quantity and quality of recycled plastic wastes while protecting the local and even global environment, and improving or maintaining social standards, the following aspects, among others, are worthy of further research toward development of solutions that become part of a community's regulatory framework.
• • Product design:
• { avoiding the use of hazardous additives and problematic fillers into primary plastic products; The International Solid Waste Association (ISWA) and the editors of Waste Management & Research are aware of the challenges involved in developing and operating an effective plastic waste management programme. Initiatives have been set in the past and will continue to evolve to improve the situation. We invite researchers from all over the world to contribute manuscripts that address solutions for environmentally sound plastic waste management and recycling programmes.
Most of the articles published in this special issue of Waste Management & Research were presented at the two last conferences on Sustainable Development of Energy, Water and Environment Systems (SDEWES), which were held in 2015 in Dubrovnik, Croatia (SDEWES), and in 2016 in Piran, Slovenia (SDEWES SEE). These articles address many aspects of plastic waste and thereby demonstrate the range of issues to be considered as part of our efforts towards improving the management of plastic wastes. The SDEWES Conference, sponsored by UNESCO, is a leading conference in the field of energy, sustainable development, and environment in the region. The next SDEWES Conference will be held on 4-8 October 2017, in Dubrovnik, Croatia. It will be dedicated to the improvement and dissemination of knowledge on methods, policies, and technologies for increasing the sustainability of development by de-coupling growth from natural resources and advancing towards a knowledge-based economy, taking into account its economic, environmental, and social pillars, as well as methods for assessing and measuring sustainability of development, regarding energy, transport, water, environment, and food production systems, and their many combinations. More details regarding the conference can be found at http://www.dubrovnik2017.sdewes.org/.
